BACKGROUND: Higher risks of menstrual problems and infertility have been found in underweight and overweight women but evidence is inconsistent especially in relation to the effect of age of onset of obesity. OBJECTIVE: To determine whether body mass index (BMI) in adulthood or childhood affects the reproductive health of women. METHODS: Heights, weights (at 7, 11, 16, 23 and 33 y) and reproductive data were available for 5799 females in the 1958 British birth cohort study. Body mass index (BMI) was calculated as weight/height 2 . Age-speci®c cut-offs were used to de®ne overweight and obesity. Reproductive outcomes reported at age 33 included: menstrual problems (also reported at 16 y), hypertension in pregnancy and subfertility. RESULTS: Early menarcheal age was associated with higher risks of menstrual problems by 16 y but this relationship did not persist to 33 y. Obesity at 23 y and obesity at 7 y both independently increased the risk of menstrual problems by age 33 (OR 1.75, OR 1.59 respectively) after adjusting for other confounding factors. Obesity at 23 y increased the risk of hypertension in pregnancy (OR 2.37), after adjusting for confounders. Consistent with these ®ndings, obese women at 23 y were less likely to conceive within 12 months of unprotected intercourse after adjustment for confounders (RR 0.69). CONCLUSIONS: Overweight and obesity in early adulthood appears to increase the risk of menstrual problems, hypertension in pregnancy and subfertility. Other than menstrual problems, childhood body mass index had little impact on the reproductive health of women.
Introduction
Body size has been related to several gynaecological disorders or symptoms including polycystic ovary syndrome, 1±3 infertility 4±7 and general menstrual disorders. 4 ,8±11 Higher risks of infertility have been found in both overweight and underweight women, 4±7,12 suggesting a`J'-shaped relationship. Not all of this evidence is consistent, however, with some studies showing no associations, for example between overweight and infertility. 13, 14 If the adverse ®ndings are con®rmed then the recent increase in overweight and obesity in Britain, 15, 16 the United States 17, 18 and elsewhere 19 would have implications for the prevalence of gynaecological problems.
Furthermore, elevated risks may not be con®ned to those acquiring their overweight in adulthood but may be independently related to fatness in childhood or adolescence. Hartz et al 8 emphasised the importance of teenage obesity on fertility, having observed that the incidence of obesity was greater for nulligravida married women than for previously pregnant married women and for women having ovarian surgery for polycystic ovaries than for women having ovarian surgery for other reasons. In another study, menstrual disorders were more common among women who had onset of obesity during puberty or adulthood than among those with onset of obesity in childhood. 9 Age of onset of obesity has also been correlated with oligomenorrhoea or amenorrhoea in obese women affected by polycystic ovary syndrome. 1, 2 More recently, Rich-Edwards et al 4 suggested that adolescent obesity may be causally related to polycystic ovary syndrome. There is also evidence that the age of menarche tends to be lower in obese 10, 20 and higher in underweight 21 compared to normal weight girls, which may have implications for subsequent gynaecological problems. Sundell et al 22 found that dysmenorrhea occurred more often just after menarche and more severe dysmenorrhea was associated with earlier menarche. Thus, age of onset of obesity may be critical in the determination of gynaecological risks.
There are however few studies that investigate associations between female reproductive problems and body mass, particularly in respect of body mass at different ages. In this paper, we investigate the relationship between childhood and adolescent body mass index, in addition to that in adulthood, with subsequent reproductive problems by using longitudinal data from the 1958 British birth cohort study.
Materials and methods

Sample
The 1958 British birth cohort study includes all children born in Scotland, Wales and England, between the 3rd and 9th of March 1958. 23 From a target population of 17 733 births information was obtained on 98%. Major follow-ups of surviving children were conducted at 7, 11, 16, 23 and 33 y. 24 Immigrants to Britain born during the same week in 1958 were incorporated into the survey at ages 7, 11 and 16 y. Sample attrition has occurred, but despite this the representativeness of the study has been maintained, in general, through to 33 y when 11 407 subjects (73% of the target population) provided information. 25, 26 However, there is some evidence to suggest a slight under-representation of the`disadvantaged'. 24 Information at 23 and 33 y was obtained through an interview with the study subjects. Previous sweeps collected data from several sources, including parents and schools (teachers and doctors) as well as from the individuals.
Measures
Heights and weights were measured by trained medical personnel at 7, 11 and 16 y. Subjects were weighed in their underclothes to the nearest pound, and height was measured to the nearest inch. Selfreports of height and weight were obtained at 23 y. These reports are in agreement with measured heights in a national sample of British adults surveyed in 1980.
27 At 33 y, heights were measured without shoes using a stadiometer reading to the nearest centimetre, and weights were measured in indoor clothing using Salter portable scales. Data were checked to detect coding errors. 28 Information was also available on social class at birth, at 7 and 23 y (based on occupation of head of household), age of menarche, parity, smoking habit at 23 y and parental education. Reproductive outcomes and sample sizes used in the analyses are as follows:
(1) Menstrual problems before 16 y were ascertained from the parental interview, three categories were de®ned: (a) None (n 4234 out of 6403) (b) Mild (1224 out of 6403) problems in the previous 12 months, but not severe enough to cause prolonged school absence or require medical attention. (c) Severe (945 out of 6403) problems causing school absence for more than one week, a hospital admission in the last year (either overnight or as an outpatient) or a GP consultation.
Outcomes before 33 y were derived from speci®c questions and/or from the International Classi®cation For measures (1) and (2) the analyses included all women, whereas for measure (3) they were limited to women who were ever pregnant.
(4) Subfertility before 33 y was indicated by the time taken to conceive from cessation of contraception (namely time to pregnancy). Time to pregnancy is regarded as the most sensitive measure of biologic fertility 29 and reliable recall has been demonstrated. 30, 31 At 33 y, respondents provided detailed information on past pregnancies, including the outcome of each pregnancy and time to conception. All live births from ®rst pregnancies of women not using contraception around the time of conception were analysed (n 3327 out of 4000). To reduce selection effects due to past obstetric history on reproductive behaviour and to avoid violation of the statistical assumption of independence of events caused by the tendency for some couples to experience recurrent adverse events (including subfertility) only ®rst pregnancies were used. Only live-births were included since validity of recall is more reliable for this group compared to other birth outcomes. 29 
Statistical methods
Three measures were used to assess the effect of weight and height on the reproductive outcomes: Quetelet's body mass index (BMI), de®ned as weight(kg)/height 2 (m 2 ); weight/height 3 as obtained as an optimal power index from the data; and, in addition, weight and height analysed as separate variables. Results for each weight/height measure were similar, therefore only those for BMI will be presented. Similar results were also obtained with BMI at 23 and at 33 y, hence only 23 y data are presented, except where differences occur (Tables 4  and 5 ).
Analyses of reproductive outcomes (1)±(3) were based on logistic regression using PROC LOGISTIC in SAS (version 6.09). Models were ®tted for child BMI (7 y) and then separately for adult BMI (at 16 y for outcome (1) , at 23 and 33 y for outcomes (2)±(4). Independent effects of childhood BMI were estimated in models that adjusted for`current' BMI depending on the timing of the outcome variable. Signi®cant effects were indicated using the Wald chi-squared statistic compared to a w 2 distribution with one degree of freedom. Overall goodness-of-®t of the models was assessed using the log-likelihood ratio statistic compared to a 1 2 w 2 distribution under the null hypothesis. A 5% signi®cance level was used throughout.
Analyses were conducted using BMI at 23 and 33 y as a categorical variable, using previously de®ned cutoffs 32 ( Table 1 ). For 7 and 16 y cut-offs for BMI de®ned similar proportions to those obtained for relative weight 33, 34 (Table 1) . Odds ratios were derived by exponentiating the parameter estimates b, using females of normal weight as the reference category.
Survival analysis was used to investigate BMI on subfertility using PROC PHREG in SAS (version 6.09). Cox's proportional hazards models were ®tted with`time to pregnancy' being censored after 12 and after 96 months. A 12 month cut-off is conventionally used to de®ne clinical subfertility. 31 Times to pregnancy were available up to 96 months and censored thereafter.
Confounding factors identi®ed from the literature include social class at birth, 7 and 23 y; smoking at 23 y; parental education; parity; menstrual problems at 16 y; and age of menarche. Confounders were added separately to each model and covariates signi®cantly improving the ®t of the model were retained in the analysis; this procedure was repeated until the model could not be improved (Table 2) .
Results
Menstrual problems
BMI at 16 y classi®ed into four groups was not signi®cantly associated with menstrual problems by that age. Menstrual problems by 16 y were related to age of menarche, with the highest risk for the earliest menarcheal age (Table 3 ). Menstrual problems reported at 16 and 33 y were strongly associated (girls with severe menstrual problems by 16 y had over twice the risk of menstrual problems by 33 y, odds ratio (OR) 2.12 (95% con®dence interval (CI) 1.75±2.56); OR 1.30 (1.08±1.56) for girls with mild menstrual problems by 16 y). The association with age of menarche did not persist; menstrual problems reported at 33 y were not associated ( Table 3) .
Risks of menstrual problems were signi®cantly elevated for girls who were obese at 7 y (OR 1.78 (1.16±2.72)) compared to those of normal weight (Table 4 ). This risk remained elevated, although less so, and achieved borderline signi®cance after adjustment for BMI at 23 y. Further adjustment for social class at birth and smoking status at 23 y had little effect on the magnitude of this risk (OR 1.59 (0.97± 2.61)). When risks associated with BMI at 23 y were considered separately, underweight, overweight and obese women all had signi®cantly higher risks of menstrual problems, suggesting a J-shaped relationship. After adjustment for BMI at 7 y, these risks remained statistically signi®cant and similar in magnitude for underweight and overweight women, although a larger attenuation in risk was evident among those who were obese at 23 y. Further adjustment for social class at birth and smoking status at 23 y lead to similar risks among underweight (OR 1.40 (1.04±1.89)) and overweight women (OR 1.32 (1.06±1.64)), but there was a further (Table 3) or parity, which were unrelated to menstrual problems.
Hypertension in pregnancy
The relationship between BMI and hypertension in pregnancy is given in 35±4.13) ).
Subfertility
Achieving a pregnancy within 12 months did not differ between the four BMI groups at 7 y (Table 5) . However, obese women at 23 y were less likely to conceive within 12 months (Risk Ratio (RR) 0.70, (95% CI 0.56±0.87). The low conception risk for women who were obese at 23 y remained signi®cant after adjustment for BMI at 7 y and social class at 
Discussion
There is an extensive literature on the health risks associated with overweight and obesity. Findings reported in the present paper suggest that some adverse effects on women's reproductive health can be added to this growing list of obesity-related problems. Some reproductive risks are well-known, for example, in relation to hypertension in pregnancy, 35±37 while others are less so. Before discussing these results it is necessary to identify strengths and limitations of the present investigation. Most importantly, the study is based on a large, nationally representative, non-clinical sample, thus allowing results to be generalised to a wide population, whereas many previous studies have been based on clinic samples which may yield biased results. Furthermore, few previous studies have been able to investigate the effects of both childhood and adulthood BMI on reproductive problems since they lack data on heights and weights during this critical period.
However, a main concern is with the adequacy of self-reported data on reproductive health. Thus menstrual problems, such as dysmenorrhea and amenorrhea were not differentiated, possibly obscuring relationships for particular subgroups. Amenorrhea has been shown to be associated with underweight 38 and one recent study that recorded details of duration and severity of menstrual pain in a twelve-month diary found increased risks for overweight women. 39 This speci®c ®nding relating to menstrual pain supports observations from the present study for nonspeci®c menstrual problems. Evidence is lacking for other menstrual disorders. Notwithstanding this, the reporting of reproductive health outcomes is considered to be good, as indicated by agreement between self-reports and medical records. For example, Paganini-Hill and Ross 40 reported approximately 90% agreement between interview and medical records for several menstrual and reproductive variables and for height and weight. Age of menarche has also been shown to be recalled accurately, 41 and the validity and reliability of measuring time-to-pregnancy by means of a questionnaire was found to be reasonably good. 30 , 42 Joffe 31 reported high agreement between questionnaire and self-completed data on time-topregnancy even after recall periods of greater than 14 y, especially among women who had had a live birth. Hence, there is evidence that reporting of the reproductive outcomes used here is fairly reliable. Further credence to data quality is demonstrated by the well-known relationship between obesity and hypertension in pregnancy. 35±37 Our study showed a twofold increase in risk for hypertension in pregnancy in obese women at 23 y compared to those of normal weight. The 1958 British birth cohort study has a further advantage with detailed information on relevant confounding factors such as social class at each age, smoking and age of menarche. Some de®ciencies remain, notably in respect of a lack of data for timing of reproductive health problems; for male partners characteristics and for last contraceptive method.
Nonetheless, the present investigation shows menstrual problems to be associated with both current and prior obesity: girls who were obese at 7 y or women who were obese at 23 y had increased odds ratio of 1.59 and 1.75 respectively, of menstrual problems in adult life. The elevated risks of menstrual problems associated with adult obesity were in part related to risks acquired in childhood, as demonstrated by a reduced odds ratio for obese women at 23 y, after controlling for BMI at 7 y. However, risk of menstrual problems was increased for obese 23 y old women independent of their BMI in childhood, indicated by an adjusted odds ratio of 1.97. Confounding factors (namely social class at birth and smoking status at 23 y) did not affect the risk associated with childhood obesity but attenuated slightly that associated with adult obesity. In contrast, risks for underweight and overweight women were mainly due to their adult BMI.
Menstrual problems have a high prevalence and although they are not generally associated with serious or life-threatening disease, are a source of considerable discomfort to women and account for work or school absences. For example, menorrhagia is one of the most common conditions referred to specialist outpatient clinics, accounting for 18 out of 10 000 of all gynaecological referrals. 43 Among women in the 1958 birth cohort 14% reported that by 33 y, they had menstrual problems within the past year for which the majority (10%) consulted their doctor. In the same women by 16 y, 19% reported mild, and 15% severe menstrual problems.
The J-shaped relationship found between body mass index at 23 y and menstrual problems was consistent with other studies. 4, 8 Further support for the relationship between obesity and menstrual problems is available in the cohort study. That is, similar associations were evident for subfertility, with obese women at 23 y less likely to conceive within 12 months compared to those of normal weight. Consistent with this was a suggestion of a risk of menstrual problems among overweight and obese at 16 y, although as reported these were not statistically signi®cant. However, underweight females may only just have reached menarche whereas heavier girls with an earlier age of menarche have had a longer exposure time in which to experience menstrual problems. For women within this cohort the relationship between age of menarche and subsequent menstrual problems appears to be short-lived: strong relationships evident at 16 y did not extend to 33 y. Previous ®ndings suggest that dysmenorrhea occurs more often during the teenage years after menarche than in women in their twenties and that early menarche was associated with more severe dysmenorrhea. 22 However, these studies have been limited to a much shorter followup period and relationships over a longer period are not well-documented. It has also been shown that oral contraceptive users have a lower prevalence of dysmenorrhea than users of other methods of contraception.
The present investigation also suggests that childhood obesity may have consequences for subsequent menstrual problems although this appears to be partly mediated through an association with BMI in adulthood. Others have proposed that childhood obesity may be related to menstrual disorders, 8 although Combes et al 9 found juvenile-onset obesity less likely to be associated with later menstrual disorder when compared to pubertal or adult-onset obesity. Hartz et al 8 hypothesise that weight¯uctuation causes menstrual abnormalities associated with more frequent dieting by obese women in order to lose weight, or alternatively, that both obesity and menstrual disorders can be attributed to a hormonal imbalance. The literature on obesity, insulin resistance and polycystic ovary syndrome (PCOS) suggests a pathway linking childhood obesity with adult menstrual disorders, in that obesity and associated insulin resistance may increase the risk of PCOS. 1, 2 In turn, PCOS could manifest as menstrual symptoms in adulthood. PCOS is common in young women 44 and may underlie the high prevalence of menstrual symptoms found by 33 y. Amenorrhoea has also been demonstrated in underweight women, 21, 45 suggesting that body fat has a regulatory role in reproduction. 46 Reid and Van Vugts' 47 review provided evidence that underweight women may suffer from endocrine abnormalities which in turn leads to menstrual abnormalities and thus subsequent infertility. They found that most obese women remain fertile suggesting that obesity per se is not the sole explanation for menstrual disorders and infertility. Current evidence appears to suggest a more complex endocrinological mechanism.
Previous studies have suggested that obesity may increase the risk of subfertility, 4±7 although con¯icting evidence also exists. 13, 14 It is notable therefore that women who were obese at 23 y in this general population sample were less likely to conceive within 12 months compared to those of normal weight. The majority of women had had their ®rst child in their early twenties so that the use of BMI at 23 y provides a good proxy measure of adiposity at around the time of their pregnancy. Thus, obesity in early adulthood may be a risk factor for subfertility.
Some of the inconsistencies in the literature arise from the measurement and analysis of body mass. There is much debate concerning the most suitable proxy for body fat. 48 Quetelet's body mass index (BMI) (weight (kg)/height 2 (m 2 )) tends to misclassify subjects in the most extreme height groups (with very short and tall people more often incorrectly classi®ed as obese) 49 and it is a less reliable proxy for body fat in puberty than in infancy and adulthood. 48 It is wellknown that a growth spurt occurs just prior to menarche with taller and heavier children having an earlier menarche. This may distort weight-for-height measurement around puberty. Thus, it was preferable to use heights and weights at 7 y in the analyses, rather than at other ages. Three analytical strategies were used here, producing consistent results and thereby emphasising the reliability of the ®ndings. However, some studies suggest that the distribution of body fat in women may have more impact on menstrual abnormalities 11 and fertility 5 than obesity, but such data were not available in the cohort study.
Conclusions
Obesity in early adulthood may increase the risk of menstrual problems, hypertension in pregnancy and subfertility. Childhood obesity may also carry adverse consequences for menstrual problems but this appears to be partly mediated through its association with adult BMI. Hence, these reproductive health problems are likely to increase with the current trends of increasing fatness in the general population.
